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ABSTRACT1 
A growing number of conversational agents are being embedded into larger systems such as smart 
homes. However, little attention has been paid to the user interactions with conversational agents 
in the multi-device collaboration context (MDCC), where a multiple number of devices are 
connected to accomplish a common mission. The objective of this study is to identify the roles of 
conversational agents in the MDCC. Toward this goal, we conducted semi-structured interviews 
with nine participants who are heavy users of smart speakers connected with home IoT devices. 
We collected 107 rules (usage instances) and asked benefits and limitations of using those rules. 
Our thematic analysis has found that, while the smart speakers perform the role of voice controller 
in the single device context, their role extended to automation hub, reporter, and companion in the 
MDCC. Based on the findings, we provide design implications for smart speakers in the MDCC.  
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Table 1: Participant Demographics 

 
 
 
Table 2: Affinity Diagram Examples 

 

 
1 INTRODUCTION AND RELATED WORK  

Recent years have seen growing interest of conversational agents (CAs) in the HCI research 
community. Conversational agents are now not only integrated into the smartphones but also 
embedded into larger systems such as smart homes, as a ‘smart speaker.’ Due to this phenomenon, 
the number of devices and services that connect with smart speakers in households is increasing 
significantly. A well-known smart speaker, Amazon Echo, provides ‘skills’ for the users to 
command tasks by integrating numerous devices. The number of skills doubled in 2018 from 25,784 
to 56,750 [8].  

As increasing number of devices and services are connected in homes, users are facing new 
challenges of understanding the complex system and learning how to command tasks. Previous 
studies have identified the barriers of home automation for users such as inflexibility and poor 
manageability [2] and the challenges of user experience in smart homes such as difficulties in 
setup and configuration [3]. To resolve such challenges, systems such as integrating smart home 
into a digital calendar were developed to improve the understanding of smart home behaviors [5].  

With the increasing adoption of conversational agents in smart homes, they can provide 
opportunities to mediate interactions between users and multiple devices. Previous research on 
conversational agents tried to understand user interaction with them by identifying the gulf of 
expectation on the conversational agents [4]. User interaction with conversational agents in home 
was also studied by analyzing user commands to understand user behaviors and daily usage 
patterns [7] and identifying how voice user interfaces are embedded in the complex social life at 
home [6]. While these studies provided valuable insight on the user interaction with the 
conversational agents, little attention has been paid to the research on the user interaction with 
the conversational agents in the multi-device collaboration context (MDCC).  

As more conversational agents are being embedded into the systems where multiple devices and 
services connect to each other, it is important to identify the roles of such agents in this particular 
context. Given more smart speakers and connecting devices become available, the MDCC is very 
likely to be a dominant future direction of smart speakers. Therefore, the goal of this study is to 
identify the roles of conversational agents in smart homes, where multiple devices and services 
work together. As an exploratory study, our research questions are 1) Are the roles of 
conversational agents different in the multiple-device context compared to the single device 
context? 2) If so, how do users interact with them differently in terms of their roles? 

To find answers to these questions, we conducted semi-structured interviews with the 
participants (n=9) who are heavy users of smart speakers in the MDCC. A total of 107 rules (usage 
instances) of users were collected and the situations and motivations behind each rule were asked 
to deepen the understanding of the usage. As a result, we derived four themes of smart speaker 
roles: automation hub, voice controller, reporter, and companion. Based on the findings, we draw 
practical implications on the future design and research directions of smart speakers.  

 



 

 
Figure 1: Top 15 Devices and Services in the Rules 

 

 
Figure 2: Count of the Number of Connected 
Devices and Services in the Rules  
 
Table 3: Descriptions of the Purposes  

 

2  METHODOLOGY 
We conducted semi-structured interviews with smart speaker users to perform a thematic 

analysis of the roles of conversational agents working with multiple smart home devices. This 
study was approved by the Institutional Review Board (IRB). 
 
2.1 Participants 

We recruited heavy users of smart speakers through online smart speaker communities in South 
Korea. We limited the recruiting to users who are using more than three devices connected with a 
smart speaker and who are using the speaker for more than five days a week. A total of nine users 
(all males) participated in our study, and their average age was 41.89 (SD=3.72). Seven out of nine 
participants had a technical background, and most of them actually built the smart home system 
by themselves with programming using sensors and APIs. Most of them also identified themselves 
as an early adopter of technology on 7-point Likert scale question where 1 is very unlikely and 7 is 
very likely (Mean=6.44, SD=0.73). Eight out of nine participants used more than one smart speaker. 
Their average usage of smart speakers was 10.22 months and the average number of smart home 
devices was 11.22. Detailed information of the participants is shown in Table 1. Each participant 
was compensated with 50,000 KRW (approximately 45 USD) for 2 hours interview. 

2.2 Procedure 
To discover the role of smart speakers in the MDCC and to find out the in-depth motivations of 

using them, we conducted semi-structured interviews with each of the participants. First, we asked 
them to write down the ‘programming rules’ of smart speakers that they were currently using in ‘If 
condition, then action’ format. That is, if certain condition of devices or services is triggered, then 
certain action happens in other devices and services. Then we asked follow-up questions to describe 
each situation more in detail and to explain the benefits and limitations of using those rules. The 
average length of each interview was 2 hours, and all the interviews were audio-recorded and later 
transcribed for further analysis. 

2.3 Data Analysis  
We performed the qualitative content analysis [9] on our participants’ responses for their 

current usages of smart home devices connected to smart speakers. First, we divided the collected 
rules into two groups based on whether the smart speaker collaborates with more than one device 
or service to distinguish single and multiple device contexts. Then the purposes of the rules were 
also categorized to group the functions of various devices and services. Lastly, by examining the 
rules and interview data, the themes of the role of the smart speakers were derived with affinity 
diagramming [1]. Two authors collaboratively categorized all the rules. This was performed with 
repeated iterations until consensus was reached, and the final themes were derived. Table 2 shows 
an example of the affinity diagram derived from the analysis. 

 

 



 

Table 4: Purposes of the Rules  

 
 
Table 5: Themes of the Roles of Smart Speakers 

 
 
 

  
Figure 3: Distribution of the Rules on Roles and 
Purposes (left: single device, right: multi-device)  

3 RESULTS AND DISCUSSION 

3.1 Smart Speaker with Single vs. Multi-Device Connections  
In total, 107 rules were collected from the participants. The rules contained a total of 227 devices 

and services. Out of them, the number of unique devices and services was 33. The top 15 devices 
and services appeared in the rules are shown in Fig. 1. We also counted the number of devices and 
services that appeared in each rule to identify how collaborative the devices were, which is shown 
in Fig. 2. While 44 rules contained a single device connected to a smart speaker, 63 rules contained 
multiple (2 to 7) device(s) or service(s), showing that multi-device connections were more dominant. 
An example of single device rules is, If I command ‘turn on the light’, then the light turns on. An 
example of multi-device rules with three connected devices is, If I enter the house (door lock already 
opened as the house knows that it is me), then the light and the TV turn on and the speaker welcomes 
with a greeting message. 

We grouped the purposes of the rules into six categories based on the devices and services that 
are contained in the rules for further analysis. The list of categories and their descriptions are 
shown in Table 3. Counts of the rules based on their purposes and single/multi-device contexts are 
shown in Table 4. A single connection was preferred for media and living whereas multiple 
connections were more utilized for appliance, safety, home environment, and energy purposes. 

3.2 Themes of the Role of Smart Speakers 
To deepen the understanding of the roles of smart speakers in the MDCC, two of the authors 

examined the rules as well as the interview data via affinity diagramming [1]. Out of this thematic 
analysis, we derived four major roles of smart speakers: voice controller, automation hub, reporter, 
and companion (see Table 5). To discover the characteristics of smart speaker’s roles in detail in 
relation to the purposes, we plotted the distribution of the rules with both the roles and the 
purposes, as shown in Fig. 3. The quotes from the interviewees on the roles of smart speakers are 
shown in Fig. 4. 

In the single device context, smart speakers were most frequently used as a voice controller 
(86.4%), to control the connected device(s) or service(s) with voice. Also, smart speakers were used 
infrequently as a reporter (11.4%) and as a companion (2.3%).  

In the multi-device contexts, smart speakers were used most frequently as an automation hub 
(39.7%). It refers to the case where the smart speakers connect multiple devices or services to make 
them work automatically in order to accomplish a common mission without any human 
involvement. In the MDCC, smart speakers were also a reporter (23.8%), notifying the users with 
information on the current state of the devices or services. Further, smart speakers were a 
companion of users (19.0%), supporting the users socially with greetings or personal/family care. 
Lastly, voice controller was the least role performed by smart speakers in the MDCC (17.5%), in 
contrast to its dominant role found in the single connection context.  

In sum, compared with the single connect context, the thematic analysis highlights distinct 
roles of smart speakers depending on its connection context (voice controller in the single device 
connection context; automation hub, reporter, and companion in the MDCC).  

 



 

 
 
Figure 4: Quotes from the interviewees on the 
roles of smart speakers 
 
 

3.3 Design Implications on the Roles of Smart Speakers in MDCC  
Based on the findings, we provide design implications on the roles of smart speakers in MDCC 

for future design and research on the use of smart speakers. Different from the single device 
connection context, smart speakers play multiple roles in MDCC. Users expect smart speakers to 
become “jack-of-all-trades” in support of their life. In particular, we have noticed the increased role 
of automation hub, reporter, and companion in MDCC. While these roles provide functional benefits 
to users, there are also important considerations for the future design of smart speakers. 

3.3.1 Voice Controller. Smart speakers were actively used as a voice controller in the single 
device context compared to the multi-device context. Users preferred commanding simple tasks to 
smart speakers with voice because commanding complex tasks is both difficult for them to 
command and the speaker to understand. Some users overcame this barrier by making their own 
keywords for triggering actions of multiple devices. For instance, P4 made a keyword ‘movie on’ to 
turn on the TV, home theater, and mood lights together. However, he mentioned that making 
keywords is not a simple task. If keywords are too simple, smart speakers can confuse keywords 
with common words because they are likely to exist as default trigger words. If keywords are too 
unique, users expressed worries of forgetting them. Therefore, providing a careful choice of unique 
keywords and reminding them to users is an important aspect of multi-device voice control. 

3.3.2 Automation Hub. In multi-device contexts, smart speakers were frequently programmed 
for automation hub. Users mentioned that this is especially useful for safety and energy saving 
purposes. However, due to the complexity of rules containing multiple devices, users were unsure if 
the programmed rules will work as planned. For instance, P7 realized that a rule he made for fire 
alarm did not work because the rule contained conflicting conditions between devices. Providing a 
virtual platform for smart home devices to simulate how they work in complex situations or 
predicting such errors when new rules are designed can be important development directions to 
lessen these concerns. 

3.3.3 Reporter. As a reporter, smart speakers informed status of devices to users. But because 
they report such information with voice, users had difficulties of noticing them when there were 
noises from audio and TV. To overcome this problem, P4 and P8 connected smart speakers with 
other devices such as TV and tablet to show messages in texts on the screen. In this regard, the 
reporting messages from smart speakers should be carefully designed utilizing different modalities 
provided by connected devices and considering surrounding contexts. 

3.3.4 Companion. Smart speakers also expanded their role as a companion in the MDCC. Users 
found this role most enjoying and emotionally supported. Users wished to enrich their 
relationships with other family members or even themselves by utilizing the ‘smart’ aspects of 
smart speakers. For this purpose, users see smart speakers as a life companion serving as their 
family guardian, butler, or intimate friend. For instance, smart speakers greeted users with other 
devices like lights and TV, so that the user does not feel lonely if nobody is at home. They also 
enabled remote interaction between family members by informing the locations of family members. 
While current smart home speakers concentrate on their functional usages, relational and social 
features might become one of the most important aspects for their future design.   
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4 CONCLUSION AND FUTURE WORK  
In this research, we conducted an exploratory study in order to understand the roles of 

conversational agents in multi-device contexts. For this goal, we performed semi-structured 
interviews involving nine heavy users of smart speakers connected with multiple devices. We 
collected 107 rules from the users and performed in-depth interviews to deepen our understanding 
of the usage situations and motivations. Our thematic analysis results showed that while the 
smart speakers were mostly used as voice controller in the single device context, the role extended 
to automation hub, reporter, and companion in the MDCC. Based on these findings, we draw design 
implications for the future direction of smart speakers. 

Given that this exploratory study has provided useful directions for further studies, we plan to 
analyze the role of conversational agents in various context and relationships in multi-device 
settings. Considering that social support from the conversational agents as a companion is an 
important aspect of the interaction between users and the agents, we aim to further examine how 
such value can be facilitated in our future work. 
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